A giant grouper, Epinephelus itajara (Lichtenstein), was found dead in its tank. The principal necropsy findings consisted of multiple tumors in the ventricle of the heart, a tumor mass in the stomach, and protozoa-like organisms in the heart tumor, bile ducts and kidney collecting ducts. The heart tumors were identified as mesotheliomas and the stomach tumor as a papilloma. The morphology of the protozoan-like organisms was similar to that of Rhabdospora thelohani (Languesse).
In recent years there has been a rapidly growing interest in spontaneous neoplasms of fish. This has been largely the result of a greater appreciation for the relevance of comparative oncology in furthering a basic understanding of neoplasia as well as the recognition of a need for biological environmental monitoring systems. Recent reviews of neoplastic diseases of fish [3, 7] and of the use of fish tumors in monitoring marine environments for carcinogens [ 121 indicate that critical scientific analyses of available material are projects worthy of continued exploration.
Case History
A giant grouper, Epinephelus itujara (Lichtenstein) was submitted for necropsy. The fish weighed about 118 kilograms and had been in an exhibition tank at Marineland of Florida for about 30 years. For the past 8 years it had been used in an immunologic research project that required the fish be caught and anesthetized for collection of samples. Anesthesia was accomplished by squirting tricaine methanesulfonate (MS-222, Sandoz, Switzerland) over its gills. The fish was immunized by injecting bovine gamma globulin intramuscularly and blood samples were taken from the venous sinus ventral to the spinal column near the tail.
On the evening before its death, the fish was routinely processed; however, instead of a 10 to 15 minute recovery period, it was about 2 hours before the fish had sufficiently recovered from anesthesia to be returned to its tank. It was found dead 4 hours later.
During necropsy pieces of heart, stomach, intestine, pancreas, liver, and kidney were fixed in 10% neutral buffered formalin. After fixation the tissues were processed for paraffin embedding and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS) or Giemsa. Electron microscopy was done on 10% formalin futed tissue selected from areas of heart tumor. One-millimeter cubes were cut, washed in 0.1 mol/l phosphate buffer and fixed in 1% osmium tetroxide and embedded in epon-araldite. Blocks for thin sectioning were 
Results
During the necropsy examination, it was established that development of the fish was within normal limits for this species [17] . There were large amounts of mucus over all external body surfaces. The most significant changes were in the heart and stomach. The ventricle of the heart was 8 centimeters long and 7 centimeters wide at its base. The epicardial surface of the ventricle was studded with pale yellow smooth nodules that varied from a few millimeters to 2 centimeters in diameter ( fig. 1 ). These nodules protruded above the surface of the epicardium and extended deep into the myocardium ( fig. 2 ). There was no evidence that the pericardial sac was involved or adherent to the nodules. These lesions were visible from the endocardia1 surface but did not protrude into the ventricular lumen. No abnormalities were seen in the other heart chambers. In addition to the heart lesions, there was a mucosal covered elongated protuberance on the posterior wall of the stomach. It was 10 centimeters long, 2 centimeters in diameter at its base, and about 4 centimeters in diameter at its midpoint ( fig. 3 ).
The heart nodules were composed primarily of fibrornyxomatous tissue that contained nests of epithelial-like cells ( fig. 4 ). In some areas large amounts of dense homogenous hyalinized tissue were interspersed between the fibrous tissue while other areas were necrotic or more myxomatous and blue. The epithelial-like cells were arranged in papillary, acinar or in tubular-like structures and were cuboidal to columnar. The nuclei in the fibrous area were mostly elongated; however, there was some pleomorphism. Nucleoli were not prominent and most cells contained finely dispersed chromatin. Mitotic figures were seen but were not numerous. The microscopic characteristics of these growths were compatible with a diagnosis of mesotheliomas.
Within foci of epithelial-like cells of the heart tumors, small (7 to 15 micrometers) round or elongated thick-walled structures were seen. Although the walls were not strongly PAS positive, the PAS stain did enhance their detection with light microscopy ( fig. 5 ). These structures also were within bile ducts and collecting tubules of the kidneys. Only the stage described above was seen in any of these tissues.
The protuberance in the stomach consisted of a central connective tissue core that was covered with relatively normal gastric epithelium. In some areas the epithelium was hyperplastic or somewhat cystic, or both, but had not penetrated below the basement membrane. Because of these features, this structure was classified as a papilloma.
Although fixation of the neoplastic cells from the heart was not optimal, electron microscopy supported a diagnosis of mesothelioma. Cells varied in shape from polygonal to elongated and frequently surrounded a small central lumen (fig. 6 ). The nuclei were usually oval, vesicular, and indented but occasionally were elongated. In the acinar structures, the free surface of the neoplastic cells had few microvilli. Microvilli were more numerous in intercellular spaces that communicated with the acinar lumen. Intercellular borders were tortuous with numerous intercellular junctional complexes, particularly desmosomes. Probably because of poor fixation, some cytoplasmic structures such as endoplasmic reticulum and mitochondria were poorly preserved nevertheless, the rough endoplasmic reticulum did not appear to be well developed. The most prominent cytoplasmic feature was numerous filaments, which usually formed large bundles and occasionally converged on desmosomes. No basement membrane could be identified at the basal border of neoplastic cells lining the acinar structures.
The thick walled PAS-positive structures seen by light microscopy also were seen in electron micrographs. These structures usually were cut on cross or oblique section. The diameter of these organisms was consistently 5 to 9 micrometers. In rare longitudinal sections, the length was about twice the diameter ( fig. 7) . Each organism was surrounded by a thick dark wall composed of numerous fine filaments that wrapped around the organism in the plane of its short axis ( fig. 8 ). Much of the internal volume of the organism was composed of dense oval to rod-shaped granules, each of which was composed of a very dark homogenous core surrounded by a lighter granular cortical region. The core of these granules appeared to be rod-shaped and longitudinally extended beyond the granular cortical region. Cross sections of structures resembling the core of these granules but without a surrounding granular cortex ( fig. 8 ) could be identified. In other sections the "core" was at the edge of the granule where it apparently extended outside the granule ( fig. 7 ). Small segments resembling rough endoplasmic reticulum were scattered between the granules. Granules were excluded from one pole of the organism (fig. 7 ) which contained fragments of membrane similar to smooth endoplasmic reticulum or fragmented mitochondria. A distinct nucleus with irregular borders also was seen within the granule-free part of the organism. The morphologic appearance of these organisms was most similar to that of Rhabdospora zhelohani (Languesse) [I]. 
Discussion
Primary neoplastic disease of the heart is extremely rare [4, lo] ; moreover, in animal populations mesotheliomas are not frequently seen or reported [9] . Mesotheliomas are believed to be derived from mesodermal celomic epithelium (mesothelium) which lines serous cavities. Such tumors are not, however, entirely "epithelial" and often contain prominent fibrous parts. The mixed nature of such tumors has resulted in much confusion-not only in establishing their histiogenesis but in the classification of individual tumors. It has been proposed that mesothelial cells or the tumor cells arising from them are multipotential and therefore may differentiate into epithelial o r fibroblastic cells [6] . This hypothesis was based on the morphologic characteristics of tumors of man and on the earlier tissue culture studies by Maximow The ultrastructural features of this neoplasm resemble the reported ultrastructural features of natural occurring mesotheliomas in man [ 141 and asbestos-induced mesotheliomas in Wistar strain rats [ 1 11. Microvilli and cytoplasmic filaments have been described as prominent features in mesotheliomas. Junctional complexes are described in mesotheliomas in man [ 141 but not in rat mesotheliomas [ 111 although this difference may be because of the type of mesothelioma examined rather than the species. A basement membrane along a basal border is described as an inconsistent feature of mesotheliomas [14] . In the fish tumor described, the polar cells with apical microvilli and numerous cytoplasmic filaments are typical features of mesotheliomas. The lack of any obvious secretory granules aid in distinguishing this neoplasm from a glandular epithelial neoplasm.
The relationship between mesotheliomas of the thorax and environmental asbestos [15] as well as experimental production of mesotheliomas with asbestos in animals [ 1 11, suggests that the recognition of these tumors in environmental surveys of animal populations might be of value, particularly in fish such as the grouper which is a "bottom feeder". There was no evidence of asbestos-like particles in this tumor but protozoan parasites resembling R. thelohani were found. Although these organisms were also seen in normal tissues in this case, one is tempted to speculate on the relationship between these protozoa and the mesotheliomas in this fish. Because the fish had been in captivity for at least 30 years, necropsy of other similar species from the same tank may be of value in determining the tumor incidence or possible causative agents, or both, of that environment.
Benign epithelial tumors of the stomach, including papillomas, papillary adenomas and adenomatous polyps, have been seen in many species [ 161. A review of reported cases of these tumors in fish has been published in conjunction with a study of the incidence and cause of adenomatous polyps in hatchery grown trout [ 5 ] . It was suggested that repeated mechanical trauma from foreign objects such as gravel and food pellets might be a causative factor. In primates, the parasite Nochtia nochfi has been associated with the development of adenomatous or papillary gastric lesions [2] . The gastric protuberance in our fish was larger than a polyp and, although in some areas the epithelium was hyperplastic, it was not adenomatous. The protozoan parasite in the heart, liver, and kidney was not seen in sections of this papilloma nor in other sections of the stomach. There was no evidence of inflammation that might accompany either chronic irritation or parasitic infestation.
